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Figure 7
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Figure 9
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1
PRODUCTION METHOD FOR
THERMOCHROMATIC GLASS IN WHICH
USE IS MADE OF A LOW-TEMPERATURE
METAL-VAPOUR-DEPOSITION PROCESS,
AND THERMOCHROMATIC GLASS
OBTAINED THEREBY

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the priority of Korean Patent
Application No. 10-2011-0080816 filed on Aug. 12, 2011 in
the Korean Patent and Trademark Office. Further, this appli-
cation is the National Phase application of International
Application No. PCT/KR2012/006275 filed on Aug. 8,2012,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present invention relates to a method of producing a
thermochromatic glass through low-temperature metal vapor
deposition and a thermochromatic glass produced by the
same. More particularly, the present invention relates to a
method of producing a thermochromatic glass, in which a
metal for forming a thermochromatic metal oxide is depos-
ited by metal vapor deposition at low temperature and then
oxidized through heat treatment to thereby improve process
efficiency and reliability of thermochromatic characteristics
of'the produced glass, and a thermochromatic glass produced
by the same.

BACKGROUND ART

A thermochromatic glass has variable light transmittance
depending upon ambient temperature, and decreases sunlight
transmittance at high temperature to prevent external energy
from being introduced into an interior, while increasing the
sunlight transmittance at low temperature to promote intro-
duction of external energy into the interior.

Thus, cooling load of a building is reduced at high tem-
perature conditions, and heating load is reduced by a heating
effect of natural lighting at low temperature conditions,
thereby enabling efficient conservation of energy.

Such a thermochromatic glass is generally produced by
coating a surface of glass with a thin film of vanadium dioxide
(VO,).

Vanadium dioxide has high light transmittance due to char-
acteristics of a semiconductor having a monoclinic structure
at low temperature, and is converted into an orthorhombic
structure having metallic characteristics and decreases in
light transmittance, as temperature increases.

However, vanadium is a transition metal and thus vana-
dium dioxide has various polymorphs such as V,0;, V,Os,
V,0,, etc. Thus, it is important to achieve clear formation of
a crystal phase of vanadium dioxide having thermochromatic
characteristics at low temperature.

To this end, as disclosed in US Patent Publication No.
4,400,412 and International Publication No. WO2008/
009967, chemical vapor deposition (CVD) using a gaseous
metal precursor is typically used to smoothly form a thin film
of vanadium dioxide among a plurality of polymorphs. In
addition, it is necessary for this process to heat a glass sub-
strate up to a temperature of 400° C. to 700° C. while depos-
iting a thin film.

Sputtering is generally used in order to achieve stable pro-
duction of a large-area coating glass for buildings.
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However, since the coating glass for buildings using a
large-area glass substrate employs continuous deposition
using an in-line sputter, it is difficult to heat the glass substrate
during deposition and sputtering is generally performed at
low temperature. This is because heating of a large-area glass
substrate having several tens of square meters can cause not
only a technical problem in that the glass substrate can be
broken by thermal shock, but also subordinate problems in
that energy is excessively consumed and a large amount of
carbon dioxide is emitted.

Such process difficulty limits commercialization of the
thermochromatic glass.

Therefore, there is a need for a technique capable of clearly
forming a crystal phase of vanadium dioxide while stably
performing low-temperature metal vapor deposition without
any problem.

DISCLOSURE
Technical Problem

An aspect of the present invention is to provide a method of
producing a thermochromatic glass, in which a metal for
forming a thermochromatic metal oxide is deposited by metal
vapor deposition at low temperature and then oxidized
through heat treatment to thereby improve process efficiency
and reliability of thermochromatic characteristics of the pro-
duced glass, and a thermochromatic glass produced by the
same.

Technical Solution

In accordance with one aspect of the present invention, a
method of producing a thermochromatic glass includes:
depositing a metal for forming a thermochromatic metal
oxide on a glass substrate; and performing post-heat treat-
ment of the glass substrate to form a crystal phase of the
thermochromatic metal oxide through oxidation of the depos-
ited metal.

In accordance with another aspect of the present invention,
a method of producing a thermochromatic glass includes:
forming an ion diffusion preventing film on a glass substrate;
depositing a metal for forming a thermochromatic metal
oxide on the ion diffusion preventing film; and performing
post-heat treatment of the glass substrate to form a crystal
phase of the thermochromatic metal oxide through oxidation
of the deposited metal.

In accordance with a further aspect of the present inven-
tion, a thermochromatic glass includes: a glass substrate; an
ion diffusion preventing film formed on the glass substrate;
and a thermochromatic metal oxide film formed on the ion
diffusion preventing film.

Advantageous Effects

According to the present invention, the method of produc-
ing a thermochromatic glass employs continuous deposition
using an existing in-line sputter applied to a coating glass for
buildings, thereby improving productivity.

In addition, according to the present invention, a thermo-
chromatic glass has a clear crystal phase of vanadium diox-
ide, thereby improving reliability of thermochromatic char-
acteristics.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a method of producing a thermochromatic
glass according to one embodiment of the present invention.
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FIG. 2 shows a method of producing a thermochromatic
glass according to another embodiment of the present inven-
tion.

FIG. 3 shows a structure of a thermochromatic glass
according to one embodiment of the present invention.

FIG. 41is a graph showing transmittance varying depending
upon temperature in a sunlight region (a wavelength region of
300 nm to 2100 nm) in a thermochromatic glass according to
one example.

FIG. 5 is a graph showing transmittance varying depending
upon temperature at 2000 nm in a thermochromatic glass
according to one example.

FIG. 6 is a graph showing transmittance varying depending
upon temperature in a thermochromatic glass according to
Comparative Example 4.

FIG. 7 is a grazing incident X-ray diffraction (GI-XRD)
graph of the thermochromatic glass according to Compara-
tive Example 1.

FIG. 8 is a GI-XRD graph of a thermochromatic glass
according to Comparative Example 2.

FIG. 9 is a GI-XRD graph of a thermochromatic glass
according to Comparative Example 3.

FIG. 10 is a GI-XRD graph of a thermochromatic glass
according to Comparative Example 4.

FIG. 11 is a GI-XRD graph of a thermochromatic glass
according to Comparative Example 5.

BEST MODE

The above and other aspects, features, and advantages of
the present invention will become apparent from the detailed
description of the following embodiments in conjunction
with the accompanying drawings. It should be understood
that the present invention is not limited to the following
embodiments and may be embodied in different ways, and
that the embodiments are provided for complete disclosure
and thorough understanding of the present invention by those
skilled in the art. The scope of the present invention is defined
only by the claims. Like components will be denoted by like
reference numerals throughout the specification.

Hereinafter, a method of producing a thermochromatic
glass and a thermochromatic glass produced by the same
according to embodiments of the invention will be described
in more detail with reference to the accompanying drawings.

Referring to FIG. 1, a method of producing a thermochro-
matic glass according to one embodiment of the invention
includes depositing a metal for forming a thermochromatic
metal oxide on a glass substrate (S100); and performing post-
heat treatment of the glass substrate to form a crystal phase of
the thermochromatic metal oxide through oxidation of the
deposited metal (S110).

In the method according to the embodiment of the inven-
tion, a metal for forming a thermochromatic metal oxide is
first deposited on the glass substrate (S100).

The metal for forming a thermochromatic metal oxide
refers to a metal before oxidization. In this embodiment, the
metal may be vanadium.

The deposition process includes low-temperature sputter-
ing or atomic layer deposition.

First, in sputtering, a gas ion (for example, argon (Ar"))
accelerated within a chamber collides with a target having a
negative voltage, and an ionized target material emitted by
collision is deposited onto a desired substrate. In this embodi-
ment, the metal (for example, vanadium) is deposited on the
glass substrate by sputtering.
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At this time, temperature for sputtering may be low within
the range of 10° C. to 100° C. That is, no more cooling or
heating may be applied to the temperature for general sput-
tering.

If the temperature is lower than this range, energy needed
for movement of particles on the surface of the substrate is
insufficient when the particles excited from the target by
sputtering plasma are transferred to the substrate, whereby a
thin film can be non-uniformly deposited onto the substrate.
Further, temperature increased by plasma when sputtering is
applied to the glass substrate having room temperature is
generally lower than about 100° C. Therefore, in order to
increase the temperature above 100° C., there is a need for an
additional heater for heating a large-area glass substrate.

That is, a conventional technique has a problem in that it is
not mechanically easy to uniformly heat a surface of a large-
area glass substrate for buildings (for example, the maximum
area of 3.3x6 m) to a desired temperature (for example, a
temperature for forming a crystal phase of VO,: 500° C.).
However, according to the present invention, there is no need
for an additional heating process.

According to one embodiment of the invention, a thin film
of'vanadium may be formed by atomic layer deposition. Like
sputtering, atomic layer deposition is performed at low tem-
perature, i.e. in the range of 10° C. to 100° C. By atomic layer
deposition, the thin film can be formed to have excellent
thickness uniformity.

Next, the glass substrate is subjected to post-heat treatment
to form a crystal phase of a thermochromatic metal oxide
through oxidation of the deposited metal (S110).

When post-heat treatment is applied to the glass substrate,
the metal deposited on the substrate is oxidized to form the
crystal phase of the thermochromatic metal oxide.

Here, the thermochromatic metal oxide is vanadium diox-
ide. At this time, temperature and time for post-heat treatment
are very important to clearly form a crystal phase of vanadium
dioxide among various polymorphs of vanadium dioxide. For
example, post-heat treatment may be performed at a tempera-
ture of 460-480° C. for 360-600 seconds.

If the temperature of post-heat treatment is below this
range, vanadium dioxide is not crystallized due to insufficient
thermal energy for crystallization. On the other hand, if the
temperature of post-heat treatment is above this range, addi-
tional thermochemical reaction occurs between oxygen in air
and the thin film, thereby forming polymorphs containing an
excess of oxygen.

Likewise, if the time for post-heat treatment is shorter than
the foregoing range, vanadium dioxide is not crystallized due
to insufficient supply of energy for crystallization. On the
other hand, if the time for post-heat treatment is longer than
the foregoing range, additional thermo-chemical reaction
occurs between oxygen in air and the thin film as in the case
where the temperature is higher than the foregoing range,
thereby forming polymorphs containing an excess of oxygen.

Factors of determining a crystallized phase include a reac-
tion temperature, time, atmosphere, etc. In general, if the
temperature is low or the time for post-heat treatment is short,
energy for crystallization becomes insufficient to thereby
form another polymorph according to this condition. If the
temperature is high or the time for post-heat treatment is long,
a further polymorph according to this condition is formed.

In general, polymorphs formed at low and high tempera-
tures are different from each other. However, according to the
present invention, V,0Oj5 is formed in common, as can be seen
from the following examples. Here, in consideration of low
peak intensity of grazing incident X-ray diffraction (GI-
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XRD), V,0, formed at low temperature has low crystallinity
and V,0; formed at high temperature has high crystallinity.

Thus, it is considered that oxygen included in air for heat
treatment additionally reacts with the thin film in the case of
high temperature and long reaction time and forms V,Os
containing a larger amount of oxygen than VO,. Accordingly,
it is desirable that the method according to the embodiment of
the invention satisty the foregoing ranges of temperature and
time.

As shown in FIG. 2, a method of producing a thermochro-
matic glass according to another embodiment of the invention
includes forming an ion diffusion preventing film on a glass
substrate (S200); depositing a metal for forming a thermo-
chromatic metal oxide on the ion diffusion preventing film
(S210); and performing post-heat treatment of the glass sub-
strate to form a crystal phase of the thermochromatic metal
oxide through oxidation of the deposited metal (S220).

Except for forming the ion diffusion preventing film on the
glass substrate (S200) and depositing a metal for forming a
thermochromatic metal oxide on the ion diffusion preventing
film (S210), this method is the same as the method according
to the above embodiment. Therefore, the ion diffusion pre-
venting film will be described in more detail hereinafter.

The ion diffusion preventing film serves to prevent alkali
metal ions contained in the glass substrate from being dif-
fused and reacting with vanadium or vanadium oxide during
post-heat treatment, thereby improving product reliability.

The ion diffusion preventing film may be a single layer of
silicon nitride (SiN, ) or titanium dioxide (TiO,), or a double-
layer structure of silicon nitride (SiN,) and titanium dioxide
(Ti0,).

Silicon nitride and titanium dioxide prevent alkali metal
ions contained in the glass substrate, in particular, sodium
ions from being diffused during the post-heat treatment. To
promote the effect of preventing diffusion of the ions, the
double-layer structure of silicon nitride and titanium dioxide
may be provided. Here, silicon nitride serves to prevent dif-
fusion of sodium ions, and titanium dioxide serves to absorb
a small amount of sodium ions so as to prevent the sodium
ions from being transferred to a vanadium layer.

The ion diffusion preventing film may be formed by typical
physical and chemical vapor deposition, without being lim-
ited thereto.

In the ion diffusion preventing film, silicon nitride may
have a thickness of 10 nm to 40 nm, and titanium dioxide may
have athickness of 5 nm to 30 nm. If silicon nitride or titanium
dioxide is formed to a smaller thickness than this range, it is
difficult to prevent alkali ions from diffusing into the sub-
strate. On the other hand, if silicon nitride or titanium dioxide
is formed to a greater thickness than this range, there is a
problem in that an additional configuration for the target
material is needed to overcome a slow speed of sputtering.

That is, if the thickness of the ion diffusion preventing film
is smaller than the foregoing range, diftusion of alkali ions
Na™ eluted from the lower glass substrate is not sufficiently
prevented so that vanadium oxide containing Na* can be
crystallized.

Further, if the thickness of the ion diffusion preventing film
is thicker than the foregoing range, it is effective to prevent
diffusion of ions, but there is a problem in that an additional
target and a device for the additional target are needed to
forma thick film using an in-line sputter since both silicon
nitride and titanium dioxide have a slow sputtering deposition
rate.

As shown in FIG. 3, a thermochromatic glass produced by
the aforementioned method according to the present inven-
tion includes a glass substrate 10; an ion diffusion preventing
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film 20 formed on the glass substrate 10; and a thermochro-
matic metal oxide film 30 formed on the ion diffusion pre-
venting film 20.

According to the present invention, the thermochromatic
metal oxide 30 may be vanadium dioxide, and the ion diffu-
sion preventing film 20 may have a single layer of silicon
nitride or titanium dioxide or a double layer of silicon nitride
and titanium dioxide. Detailed descriptions of these compo-
nents are disclosed above in the description of the method,
and thus will be omitted.

EXAMPLES
1. Production of Thermochromatic Glass
(1) Example

A thin film of SiN, was deposited as a first diffusion pre-
venting film on a soda lime glass having a thickness of 6 mm
by reactive sputtering. Here, a process gas included 40 sccm
(standard cubic centimeter per minute) of argon and 10 sccm
of nitrogen, and processing pressure was fixed at 3 mTorr.
Further, a power supply was AC power having a radio fre-
quency of 13.56 MHz and a power density of 3.60 W/cm?.
Deposition was performed for 970 seconds.

A thin film of TiO, was deposited on the thin film of SiN,
by sputtering. The process gas was 100 sccm of argon, the
process pressure was 3 mTorr, the process power density was
4.50 W/cm?, and deposition was performed for 480 seconds.

Vanadium was deposited on the thin film of TiO, by sput-
tering. At this time, the process gas was 100 sccm of argon,
the process pressure was 3 mTorr, the process power density
was 4.50 W/cm2, and deposition was performed for 244
seconds. Further, direct current (DC) power was used, and the
overall deposition was performed at a low temperature of 25°
C.

The prepared sample was heated to 470° C. for 1 minute in
air by rapid heat treatment (thermal process), maintained for
9 minutes, and cooled in a furnace by nitrogen gas, thereby
preparing a thermochromatic glass sample.

(2) Comparative Example 1

A soda-lime glass/vanadium structure was deposited to a
thickness of 80 nm without an ion diffusion preventing layer,
and subjected to post-heat treatment, thereby preparing a
sample. Deposition of vanadium and post-heat treatment
were performed in the same manner as in Example.

(3) Comparative Example 2

A sample was prepared in the same manner as in Example
except that post-heat treatment was performed by heating the
sample to 430° C. for 1 minute, followed by maintaining for
9 minutes.

(4) Comparative Example 3

A sample was prepared in the same manner as in Example
except that post-heat treatment was performed by heating the
sample to 450° C. for 1 minute, followed by maintaining for
9 minutes.
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(5) Comparative Example 4

A sample was prepared in the same manner as in Example
except that post-heat treatment was performed by heating the
sample to 500° C. for 1 minute, followed by maintaining for
9 minutes.

(6) Comparative Example 5

A sample was prepared in the same manner as in Example
except that post-heat treatment was performed by heating the
sample to 470° C. for 1 minute, followed by maintaining for
3 minutes.

2. Transmittance Test According to Temperature
(1) Example

While the sample prepared in Example was heated by
increasing ambient temperature from low temperature up to
100° C. and then cooled, variation in transmittance was
observed in the sunlight region (i.e. a wavelength of 300 to
2100 nm). The observation results are shown in FIG. 4.

Referring to FIG. 4, it can be seen that transmittance varied
in a near-infrared region (i.e. a wavelength 0f 780 t0 2100 nm)
depending upon change in temperature, and thus the thermo-
chromatic characteristics were efficiently achieved. With this
result, it can also be seen that the vanadium dioxide film was
normally formed.

To evaluate a chromatic temperature, variation in transmit-
tance depending upon temperature at a wavelength of 2000
nm was observed. As a result, a transition temperature was
determined at about 77° C., as shown in FIG. 5.

In addition, hysteresis due to heating and cooling was
observed. As the temperature was changed, the lattice struc-
ture of the crystal phase of VO, was changed from a mono-
clinic crystal structure into an orthorhombic crystal structure.
That is, it was understood that the hysteresis occurred since an
additional temperature gradient was needed for transition of
the remaining crystal.

(2) Comparative Example 4

For the sample prepared in Comparative Example 4, varia-
tion in transmittance depending upon temperature was
observed. As a result, there was no variation in transmittance
depending upon ambient temperature, as shown in FIG. 6.
With this result, it was indirectly understood that the vana-
dium dioxide film was not normally formed.

3. GI-XRD Testing

For the samples prepared in Comparative Examples 1 to 5,
GI-XRD testing was performed as shown in FIGS. 8 to 11.

(1) Comparative Example 1

For Comparative Example 1, as a result of GI-XRD testing,
it could be seen that a thin film of vanadium oxide
(Na; ; V50, ,) containing sodium ions was formed, as shown
in FIG. 7. It was understood that this result was caused by the
absence of an ion-diffusion preventing film.

(2) Comparative Example 2, 3, 4

For Comparative Example 2, as a result of GI-XRD testing,
it could be seen that heating temperature was insufficient,
since the unclear peaks of FIG. 8 showed that the crystal
phase was not formed.
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In addition, for Comparative Examples 3 and 4, as a result
of GI-XRD testing, it could be seen that V,O, was formed as
shown in FIGS. 9 and 10. It was understood that vanadium
dioxide was not formed since the temperature conditions
according to the present invention was not satisfied.

(3) Comparative Example 5

For Comparative Example 5, as a result of GI-XRD testing,
it could be seen that post-heat treatment was insufficient,
since the unclear peaks of FIG. 11 showed that the crystal
phase was not formed.

Although some embodiments have been described herein,
it should be understood by those skilled in the art that these
embodiments are given by way of illustration only, and that
various modifications, variations, and alterations can be made
without departing from the spirit and scope of the present
invention. Accordingly, the scope of the present invention
should be limited only by the accompanying claims and
equivalents thereof.

The invention claimed is:

1. A method of producing a thermochromatic glass, com-
prising:

depositing a metal for forming a thermochromatic metal

oxide on a glass substrate; and

performing post-heat treatment of the glass substrate to

form a crystal phase of the thermochromatic metal oxide
through oxidation of the deposited metal, wherein the
post-heat treatment is performed at a temperature of
460° C. to 480° C., and wherein the post-heat treatment
is performed for 360 to 600 seconds;

wherein the metal for forming a thermochromatic metal

oxide comprises vanadium (V); and

wherein the crystal phase of the thermochromatic metal

oxide comprises vanadium dioxide (VO,).

2. A method of producing a thermochromatic glass, com-
prising:

forming an ion diffusion preventing film on a glass sub-

strate;
depositing a metal for forming a thermochromatic metal
oxide on the ion diffusion preventing film; and

performing post-heat treatment of the glass substrate to
form a crystal phase of the thermochromatic metal oxide
through oxidation of the deposited metal, wherein the
post-heat treatment is performed at a temperature of
460° C. to 480° C., and wherein the post-heat treatment
is performed for 360 to 600 seconds;

wherein the metal for forming a thermochromatic metal

oxide comprises vanadium (V); and

wherein the crystal phase of the thermochromatic metal

oxide comprises vanadium dioxide (VO,).

3. The method according to claim 1, wherein the metal for
forming a thermochromatic metal oxide is deposited by sput-
tering or atomic layer deposition.

4. The method according to claim 1, wherein the metal for
forming a thermochromatic metal oxide is deposited at a
temperature of 10° C. to 100° C.

5. The method according to claim 2, wherein the ion dif-
fusion preventing film comprises a single layer of silicon
nitride (SiN) or titanium dioxide (TiO,).

6. The method according to claim 2, wherein the ion dif-
fusion preventing film comprises a double layer of silicon
nitride (SiN,) and titanium dioxide (TiO,).

7. The method according to claim 2, wherein the metal for
forming a thermochromatic metal oxide consists essentially
of vanadium (V); and
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wherein the crystal phase of the thermochromatic metal

oxide consists essentially of vanadium dioxide (VO,).

8. The method according to claim 2, wherein the metal for
forming a thermochromatic metal oxide consists of vanadium
(V); and

wherein the crystal phase of the thermochromatic metal

oxide consists of vanadium dioxide (VO,).

9. The method according to claim 1, wherein the metal for
forming a thermochromatic metal oxide consists essentially
of vanadium (V); and

wherein the crystal phase of the thermochromatic metal

oxide consists essentially of vanadium dioxide (VO,).

10. The method according to claim 1, wherein the metal for
forming a thermochromatic metal oxide consists of vanadium
(V); and

wherein the crystal phase of the thermochromatic metal

oxide consists of vanadium dioxide (VO,).
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